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Abstract
Background:  Transcriptional regulation in eukaryotes generally operates at the level of
individual genes. Regulation of sets of adjacent genes by mechanisms operating at the level of
chromosomal domains has been demonstrated in a number of cases, but the fraction of genes
in the genome subject to regulation at this level is unknown.
Results:  Drosophila gene-expression profiles that were determined from over 80
experimental conditions using high-density oligonucleotide microarrays were searched for
groups of adjacent genes that show similar expression profiles. We found about 200 groups
of adjacent and similarly expressed genes, each having between 10 and 30 members;
together these groups account for over 20% of assayed genes. Each group covers between
20 and 200 kilobase pairs of genomic sequence, with a mean group size of about 100 kilobase
pairs. Groups do not appear to show any correlation with polytene banding patterns or
other known chromosomal structures, nor were genes within groups functionally related to
one another.  
Conclusions: Groups of adjacent and co-regulated genes that are not otherwise functionally
related in any obvious way can be identified by expression profiling in Drosophila. The
mechanism underlying this phenomenon is not yet known.
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Results 
Many neighboring genes show similar expression
patterns 
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Gene groups are not explained by gene function or
homology 
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Table 1
The number of ten-gene groups of adjacent, similarly
expressed genes that are found in ordered and randomized
datasets, or are expected to be found in a randomized dataset 
Significance (p value) Ordered Randomized Expected
dataset dataset
10-4 124 0 1
10-3 352 6 13
10-2 1,077 106 130
The ‘Expected’ column gives an approximate number. 
Figure 1
The number of genes identified as being in groups when different
window sizes are used. In order to identify groups of adjacent, similarly
expressed genes, the average pair-wise correlation of gene expression
was calculated for genes in a sliding window across the genome, and
this process was repeated for windows of different sizes. The net
number of genes (that is, the number of genes in groups in the ordered
dataset minus the number of genes in groups from the random dataset)
is plotted against window size.
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Table 2
The number of groups of genes, and total numbers of genes in
groups, that are identified at various levels of significance
(p values)
Groups Genes
Significance Ordered Randomized Ordered Randomized 
(p value) dataset dataset dataset dataset
10-4 46 0 553 0
10-3 93 5 1,219 51
10-2 211 53 3,228 586	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Similarly expressed gene groups can be identified
from smaller datasets 
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Figure 2
Similarly expressed adjacent genes on the left arm of Drosophila chromosome 2 (2L). (a) Ratiograms show the relative expression of all gene groups
on 2L that are significant at p < 10-2. In each ratiogram, columns represent individual experimental conditions and rows represent individual genes.
For each square on the resulting grid, red denotes relative expression higher than the average for a gene in an experiment, green denotes lower
relative expression and black indicates that the expression is equal to the average. The black bar represents the chromosome, and the ticks along its
left side mark 1 megabase (Mb) distances. The black shapes link the positions of groups on 2L to the expanded views of certain groups that are
shown in (b,c). (b) An expanded view of about 5 Mb. (c) The genes in two groups are shown in detail. The CT (computed transcript identifier), CG
(computed gene identifier), and gene name are shown for each of the genes in these two groups. Each of the two expanded sections represents
one group. 
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Correlations with known chromosome structures 
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Table 3
The number of groups of genes, and total numbers of genes in
groups, from a dataset containing no physically close
homologs
Groups Genes
Significance Ordered Randomized Ordered Randomized 
(p value) dataset dataset dataset dataset
10-4 18 2 200 21
10-3 62 7 767 80
10-2 176 49 2,561 576
Table 4
The number of genes within groups identified in either ‘adult’
or ‘embryo’ experiments
Embryo Adult
Significance Ordered Randomized Ordered Randomized 
(p value) dataset dataset dataset dataset
10-4 285 0 371 0
10-3 1,159 52 1,139 114
10-2 3,108 686 3,144 938
Table 5
The correlation between sets of genes identified in the adult,
embryo and combined datasets
Significance Combined:  Combined: Adult: 
(p value) adult embryo embryo
10-4 0.33 0.41 0.24
10-3 0.34 0.34 0.23
10-2 0.38 0.28 0.22
http://jbiol.com/content/1/1/5 Journal of Biology 2002, Volume 1, Issue 1, Article 5 Spellman and Rubin   5.5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Significantly enriched GO terms among gene groups 
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Correlation of groups with known chromosomal
structures 
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Additional data files
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